OPTIMIZING FEED STRATEGY FOR
EFFICIENT AND SUSTAINABLE
POULTRY PRODUCTION

Will Lin, Ph.D.

Research & Technical Director, Alltech China




1,000 tonnes

WHEN PEOPLE CAN CHOOSE, THEY EAT MORE MEAT!

GLOBAL MEAT DEMAND GROWTH ESTIMATES 2010-2030
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Twice the size in half the time

Market Wgt Average Feed to
Ib, live days per Meat Gain
weight pound

Year Average Days
to Market
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Improvement in Broiler Performance:

2019 2025*
42 d, Live Wt, g 3500 4000

42 d Feed/Galin 1.74 1.65

Days to 1.8 kg 27 23
FCR for 1.8 kg 1.30 1.10

« >50 g weight/year
 >1% Iincreasel/year
Havenstein et al., (2003)

Ross 708 Growth Trial at NCSU, 2019
*Projected Growth Performance




Remarkable changes!
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Genetics Changed
the Playing Field...



What Do Consumers Want?

v"Wholesome, safe and affordable food

v’ Food that looks good and is enjoyable to eat
v’ Acceptable animal welfare

v’ Environmental stewardship




We Know What It Takes
to Succeed In Modern
Poultry Production

The right genetics
Optimum health and management
Optimum nutrition and feed program

Achieve competitive production indicators
— Weight for age, ADG, days to market

— FCR, caloric conversion

— Livablility and flock uniformity

— Processing yields




Future Challenges

v Demand for poultry products
» Efficacy of production

v Regulatory changes
» Pollution and human health concerns

v' Competition for feed resources
» Sustainabllity

www.fao.org IX”tGCh@)




Save the world, eat more chicken and eggs!
CO,/kg livestock produce

1R -?ta*_-@ s 30 @.dr' F0n @ pivY, ¥
¢M e!"', -::4-.- - E:‘.: "'!‘Eéf ; -5:. ‘ "'{:L:
e — “ . .h‘ “ e “::
(] = — =

ol

BEEF CATTLE MILK ShMALL HJI"-.IIM.-‘J-.NT':. SMALL RUMINANTS

X T )

o 4 y

CHICKEMN MEAT CHICKEN EGGS

®
KG CO - EQ.KG PROTEIN Bl ©0% OF FROCDUCTION B -0% OF PRODUCTION ® AVERAGE IY"ECh




\\
.
\\

\_\\
N

1\
\
.\\

Environmental---:

-~ Sustainability

)
l
I L]
| AN Economic
Social

Itech’



Nutrition and

/4  Management needs to

" 4 kept pace with genetics
f " il fx—

The time has come to

CLOSE THE GAP with
Science and Innovation

Itech’



Areas to consider....

v' Diet adjustments
» Improving efficacy & reducing waste

v Manufacturing practices
» Testing, precision, new approaches

v' Scientific advancements
» Alternative feed ingredients, Gut health,
Nutrigenomics, equipment, etc.

v' Alternative programs to meet

consumer demands

' ®
» Food quality concerns Alitech




NRC Guidelines: Poultry-Chickens

Nutrient Layer- Layer- Layer- Broiler Broiler Broiler
802P 1002k 1202  0-3wk = 3-6 wk 6-8 wk

Protein, % 18.8 15.0 12.5 23.0 20.0 18.0

Ca, % 4.06 3.25 2.71 1.00 0.90 0.80
P¢, % 0.31 0.25 0.21 0.45 0.35 0.30
Potassium, %  0.19 0.15 0.13 0.30 0.30 0.30

Copper, mg ? ? ? 38 38 38
Zinc, mg 44 35 29 40 40 40

Sodium, % 0.19 0.15 0.13 0.20 0.15 0.12

a Grams feed intake/hen daily
b Based on dietary metabolizable energy concentration of approximately 2,900 kcal/kg (1,318 kcal/lb) and an assumed 90% egg production rate (90 eggs daily

per 100 hens). ®
¢ Phosphorus is nPP. l "tech

1Adapted from Tables 2-3, 2-6, 3-1, 5-1. Nutrient Requirements of Poultry, 9th Revised Edition, 1994. National Research Council.



Nutrition: The Easy Way to Reduce Waste?

® Under field conditions, animals us
mediocre efficiency:

+ N: 30% to 35%

ose to 100%
Nlitech’



Tracking N in Broilers

Feed N = 100% O Litter
m Carcass

CONH3-N

Altech



Low Protein Diet: Utilize "True AA Digestibility.”

Formulating based on AA rather than CP can lower N content by
lowering dietary N input.

Utilizing AAs, such as methionine and lysine, reduces dietary protein
from 18% to 16% and reduces the cost of the diet by more than $4/ton.

Diets should be based on the digestible fraction rather than simply the
amount of AAs present in the feed.

Calculated digestible AA requirements can be 8%-10% lower than total
AA regquirements.

Altech



Meat Meal Variation

AA A B C Mean CV %
Met 0.61 0.41 0.49 0.50 20.13
Cys 0.70 0.30 0.39 0.46 45.62
Lys 2.77 1.93 1.94 2.21 21.82
Thr 1.73 1.12 1.25 1.37 23.45
Arg 3.62 3.00 2.90 3.17 12.3

U Variability in the nutrient values of common feeds leads nutritionists to add a
margin of safety, ensuring that nutritional needs are met.

 Rapid ingredient analysis techniques, such as NIR, provide real-time
iInformation on the feed's nutritional value.

 This information reduces the need for over-formulation as a safety margin.

Altech’



Trace mineral recommendations

Trace mineral recommendations A

for poultry

)

Minerals (B:ﬁfrs) (Br?;irs) Ross Hubbard HyLine'2 | ISA- Brown Industry
Zn 3.5X 100-160
- 2.5X 16-20
M 2.0X 100-120
& 1.5X 80-90
Nltech’ 1 | - | | | - -
MINERAL IMinimum recommendations for growing and laying periods. Local regulations may limit the dietary
MANAGEMENT content of individual trace minerals.

220% of Manganese or Zinc may be in organic form.

Altech



The manure mineral level in breeders
( Malaysia trial, 2012)

Feed (ppm)

_ Inorganic | Organic*

Manganese 87.5

Zinc 75 (\%
Coppe~ O(‘-(\\)

’
.\o®
o) eC\S

WS
X3P _
of\ 15
Q(

~70.31 0.3
-

*QOrganic mineral (proteinates) is total replaced at 1Kg/tonne of breeder feed
* *% of reduction compared to inorganic mineral group

NAltech’
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BROILERS

Global meta-analysis and sustainability
impacts of supplementing Proteinates
organic minerals in broilers

A




Meta-analysis methodology

]
i

Calculations and

Literature search Study selection Data extraction . .. .
statistical analysis
PERFORMANCE 14 studies conducted 157 10TM diets vs.
DATABASE Over 100 in 50,032 broilers Proteinates diets Comprehensive
research trials meta-analysis
EXCRETION reviewed 9 studies conducted 64 (OTM diets v Statistical software
DATABASE in21,532 broilers Proteinates diets

NAltech’




Average dosage of trace @
minerals supplemented

Broiler performance database Mineral excretion database
™ . Inorganic Organic I.Relative Inorganic Organic !{elative
(mg/kg diet) difference difference
A 63.77 39.43 ' - 38% 61.41 36.35 S 41%
Manganese 80.42 46.57 -42% 71.85 41.10 -43%
Copper 12.66 8.48 -33% 12.70 8.72 -31%
Iron 45.42 22.84 - 50% 37.85 19.72 -48%

Niitech’



Comparisons of mineral dosages in @
the meta-analysis database and the
NRC requirements

TM (mg/kg diet) NRC Inorganic  Variance Organic Variance
Zinc 40 64 i +60% 39§ 3%
Manganese 60 80 +33% 47 -22%
Copper 8 13 +63% 8 0%
Iron 80 45 -44% 23 -11%

-
----------------------------

* Inorganic Zn, Mn and Cu are supplemented above requirements

Niitech’



Impact of feeding Organic proteinates to broilers

Feed use/weight gain Mortality

¢ -0.1 -0.7%
& — 7 q N
«~ -1g9g/bird +1 g/day

Niitech’



Impact of feeding Organic proteinates
to broilers on mineral excretion

Zinc excretion Copper excretion Manganese excretion Iron excretion

-13% -14% -18% -12%

a @ /L [

Zn/ Cu/ M@ Fe/

Organic proteinates minerals reduced the
excretion of trace minerals in broilers.

Niitech’




Carbon footprint

c—H
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fewer day to
slaughter
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INCREASING YOUR PROFIT AND PROTECTING THE ENVIRONMENT

1,000,000 __

2 O/ reduction in emission intensity
® O (-70 g CO,e/kg liveweight)

-171

tonnes CO,e

[o-—5 112 fewer cars on the road

%é 199 transatlantic return flights
115 houses' use of electricity

23%

5‘"
“an

and

HE GLOBAL GOALS

For Sustainable Development

13 fonow

mortality
reduction
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Areas to consider....

v' Diet adjustments
» Improving efficacy & reducing waste

v Manufacturing practices
» Testing, precision, new approaches

v' Scientific advancements
» Alternative feed ingredients, Gut health,
Nutrigenomics, equipment, etc.

v' Alternative programs to meet

consumer demands
» Food quality concerns




Processing can Improve Nutrient Digestibility.

= Grinding:
— Grind feed to uniform particle size.
= Pelleting:

Avian Gut Motility — Improves protein digestibility 3.7%.

Gizzard Is the Pace-Setter of Motility Necessary
For Normal Enteric Ecosystem




Effect of Coarse-Ground Corn in Pelleted ‘
Diets on Broilers

42 d Body Weight, g 2.,9209b 3,0592
1-42 d FCR 1.94a 1.82°
Gizzard : Proventriculus Weight Ratio 2 11b 3.442
Gizzard Digesta pH 4.672 4.1b
Gut Retention Time of Digesta, minutes 212 265
% Dietary Nitrogen Retention 74.0b 76.52
% Dietary Energy Digestibility 61.9b 06.]12
% Litter Moisture at 42 days of age 36.0 29.0
(Dew)= mean particle size 10% CC = all corn 350 Dgw, 3.0 Sgw

(Sew)= particle size standard deviation ~ 250% CC = 50% of dietary corn ground to 970 Dgw, 3.7 Sgw

(Yietal., 2014) /\ll




Feed Conversion -21d

SEM = 0.0024; P < 0.05
v 137 1.29 1.29 1.29
. . 124 1.30 .

20 1.20 -
Y b b c b
o
(@]
Ll

0.80 -

0.40 [ [ [ [ [ ]

Mash Micro Fines None Fines None
Pellet Coarse crumbles Fine crumbles

Idan, 2019




Pellet Fines on Broilers Performance

6
P < 0.01

SEM = 0.099

4.94 4.99 4.88 >-06 5.00 4.93

BW gain, kg
N

100% 75% 56% 42% 31% 100% 100% mill
pellets pellets pellets pellets pellets fines fines

McCafferty et al., 2023

Nlitech’




Areas to consider....

v' Diet adjustments
» Improving efficacy & reducing waste

v Manufacturing practices
» Testing, precision, new approaches

v' Scientific advancements
» Alternative feed ingredients, Gut health,
Nutrigenomics, equipment, etc.

v' Alternative programs to meet

consumer demands
> Food quality concerns Alitech’




Feed costs represent the biggest input

for producers, often accounting for
UP TO 70% OF PRODUCTION COSTS.

Nlitech’



For every $10 change in the price of SBM per ton:
The cost of poultry production increases by

)

$0.44 cents $0.24 cents $0.32 cents
per dozen of per pound per pound
eggs. liveweight liveweight

In brolilers. In turkeys.

Alltech



How Can We Capture More Value
from Feedstuffs?

Can We Use More High-Fiber
Co-Products?

Can We Lower Costs and
Maintain Gut Health?

Nlitech



Potential of Enzymes to Increase Enerc
Value of Corn
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Collins and Moran (1998)
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Enzymes used ENZYMES SUBSTRATES INGREDIENTS
in poultry Phytase Phytate Plant-based ingredients
. Xylanase Arabinoxylans (NSP) Wheat, rye
diets
B-glucanase B-glucans (NSP) Barley, oats
Pectinase Pectins (NSP) Lupins & vegetable meals
a-galactosidases  Oligo-saccharides Vegetable meals
B-mannanase Mannans Vegetable meals
Protease Protein Corn, vegetable meals
Amylase Starch Corn, rice, wheat,
sorghum

Altech’




Solid State Fermentation Enzyme

Meta-analysis of live performance results from broiler
chickens given diets unsupplemented or supplemented with
the enzyme complex In trials from several countries*

age,  Enzyme Bodywelght, kg'- —Feed conv. ratlo®-
Fefarence days produst, % nCON S5F nCoN SSF
Al Acevedo, 2008 1098 008 1.708 1.842 2,040 14870

Aazcond &l d., 2007a
Azcona et &, 2007a

0.0z 3.045 3128 1.735 14681
.02 303 3.047 1.738 1707

42
e
| o 1278 1437 133 1375
Chen et al, £3.2002 a e 2635 2841 072 1708
- Chen et al, ca. 2002 2 o 2713 2671 1534 1525
Christadouloy, 2003 2 o 217 220 1730 1878
Christodoulou, 2063 2 0m 2470 220 1730 1558
Germal, 2008 PER Y] 2300 2248 183 1780
Germal, 2009 2 o 2163 22m8 183 1761
Germal, 2008 PER Y 1675 21m 1844 192
Germal, 2008 2 o 2043 2040 1855 1322
2040 1870
1425 1453
1790 1780
1630 1810
Feeastuts oo 3, 2005 Feedstuffs Reprint 1,288 147
1.220 1307
. d 1230 1a7
Enzyme system may ai ST
® 1250 1280
® ‘b '1 f 1250 1210
roiier periormance T
3 ° Biibr chisken beding s s hove the ket s show a LTy 1722 1786
oiler chicken eding tials from several countries e ’
0 been evaluated in sfammmsraamyssmpamgdels ﬂg}gmm'mm““mw :ﬁ :g
With and without an enzyme supplement br Waldroup (1006; oted by Coon, 2001) H
) bodyweight and feed conversion ratio. %Egz'::mm‘% h‘ch;!)dls diets contaiimng. 1.650 1880
R v v
DAY M. HooGE' fe— oy s v 1. 1880
o - ety TR TG IT SR mSa o ot 1.890 1280
e oferee, st 172 1820
P i rmen PR st il i S e 145 1460
%ﬁﬂﬁgﬂm& ‘”é‘i';,‘v%a“}ﬂ.".“g%mi«w 1527y :Dvm“‘s’,'.'f a§,‘!ma,£‘£m§s’ff: 1.767 162
il it ST P 1502 1421
34 e habir e beroup s s 1.502 1383
° MWMMM g 3us o supplementation, and this was 01200 kg (DS2%) badywelght Increase 1.470 1.450
0 Hhieel | imeRen SR (E TR
o petter Teed conversion EmEE SEaewr Smane  DETOR
. STy | P Sl :
snyme comples pr D o b B o s Tam
R il PO = e
o e ;Fm“:"'—‘;:‘k?;d R R 30 1%
;;'mmm‘g'*m“““"“‘“‘ ME effects results of Fishes and Wikson (1974), Jackson
i y T 1690 1870
ﬁﬂ%““muﬂi@fﬁ‘w.&“ o broter e 2t 13 s o e " results overall decrease of D08 (64%) 1810 1.030
o it ot
effcts on lIve performance of the dleary  Whereby: bodywe omplesx supplemented diet versus the 1.450 1.480
e ol prormance oh ! e i oo . 982
R BRI . SR ==
e (0 o ;
® Meta-analysis results SR EEEIEEIL ™ coon 1.210 1220
onied L9V% o ekR RS K)  Brolr chckan g ris rom
P Spimdanila.  BEHEDLlR SRS e il
e o s oo st Btz o 4 Goimed 161 e erging s o :g _:;;
et enryme spplemented (S6) ﬂ;ﬂ;ﬂm“”;m‘?&“ﬁﬂg &%ﬁm&fﬂ"ﬁ“&"f 1831 1.588°
(o) . = S It sy
iy L —
5 o combion
I e iy <0001
. g g e Ay n?;mmm“ el ot T s —_
aa D b T e g e S
it v o TR Pt the 7 e Mg it s Zas.
2008 Foadst opiied with pamision o Vo614, November 3, 2008 cakum, metabolizable

I T e i aphs).
SCacA rerescrcian rafin. mertalhe.acdl khar s enmearzion ratin Ar Badaain feema wales colimated

3.09% less feed intake
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Enzymes reduce the carbon footprint

Overall emissions improvements amongst different enzyme technologies

What does this mean for a one million bird production system?

Emissions reduction Phytase Allzyme Allzyme Allzyme
only Vegpro SSF Spectrum
Tons COze saved from baseline 25.9 447.9 515.8 660.3
Trans Atlantic flights (LHR - JFK) <4 -30 521 -600 767
Cars off road (UK) F%o—o -17 -293 -337 -431

NAlitech’
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Healthy Gut =
Healthy Animal

“Improved gut integrity:
This difference explains the
more efficient feed
conversion.”

- Loddi et al., 2002




Gut health &
Immunity §

90% of diseases can be traced back to gut
health and the microbiome

70% of the immune system functions through
the gut tissue

30% of energy requirements are by the gut
Alitech’



The 3 defining elements . Attech

for optimal gut health

Nutrient absorption
for improved performance

Microbial diversity
for better welfare and safer food

Strong immunity
for building natural defences




12 feed antibiotic reduction "

lessons from EU producers

Cost increases are inevitable

Profitability will fund cost increases

Performance level will never be the
same

Variability in performance will increase

Farm health status must be increased

Immunity should be boosted at any cost

Feed Strategy, 2019 Jan p36-38

Feed formulations cannot remain the
same

No single additive can replace antibioisfr‘?g,_’:

Additive combinations are required
Farm personnel must be re-educated
The veterinarian must have the first word

A qualified nutritionist must be employed

Aitech’



r} Feed a favorable environment to

provide a competitive advantage
to favorable bacteria, which are
tolerant to acidic environments,
unlike most pathogens

Seed the gut with

favorable organisms Weed out
for improved unfavorable
performance in bacteria by

young animals selective exclusion




Reducing the prevalence of AMR with SFW

Ampicillin Tetracycline

- _ S " ~ = T SFW enhanced
Control s — ' = antibiotic efficiency

Less antibiotic use

Less transmission
of resistance

NAltech’



SFW layer performance data— meta analysis

Improve hen-day
production by 4.5% (egg)

‘.‘.“W Reduce mortality of laying
hens by 2.39%

Reduce feed use/kg eggs
produced by 1349

NAlltech’



Carbon

¥ = Y

Qi . reduction

2,430
SFW decreases e

greenhouse gas =2,090 1,370 fewercars

0 — on the
emissions by an tonnes — L
CO,e O O
average of
1,410 decrcey
5.5% '

Impact on 1 million layer flock per laying cycle

Nlitech’



Areas to consider....

v' Diet adjustments
» Improving efficacy & reducing waste

v Manufacturing practices
» Testing, precision, new approaches

v' Scientific advancements
» Alternative feed ingredients, Gut health,
Nutrigenomics, equipment, etc.

v Alternative programs to meet

consumer demands
» Food quality concerns

NAlltech’



Alltech’

I Salmonella control with SFW

le+5 - a

100 - —

b
X
X

MRF reduces
1 log of Salmonella
in cecal contents

O,

x
~‘ le+l A X

20 A
APPROVED P <005

fEEd addltWE fCII' fI'E"Sh e | | ° Liver &ISpIeen Ovaries Celca
shell egg suppliers listed CON SFW

in Walmart's Best-in- = con Girgis et al., 2020
Class Program B sw

let+d ~
80

le+3 ~
60 -

le+2 ~

Percentage (%)

40 +
b

Salmonella CFU/g

o

Reduce the Stop the Better

pathogen invasion
colonization process

food safety
implication
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Campylobacter
control with SFW

« Campylobacter
colonisation reduced at
day 35

» Better food safety
implication

* > 1.5 log CFU reduction

* Reduced Campylobacter
colonization

* Improved weight gain

Food safety

& 2017 Poultry Science Association Inc.

Effect of yeast mannan-rich fractions on reducing
Campylobacter colonization in broiler chickens

A. Corrigan,*' N. Corcionivoschi,’ and R. A. Murphy*

*Alltech Biotechnology, Meath, Ireland, +-353 (0)18026258; and ' Agri-Food and
Biosciences Institute, Newforge Lane, Belfast, UK, +44 (0)2890 255662

Primary audience: Poultry Producers, Nutritionists, Veterinarians

SUMMARY

Campylobacteriosis is considered to be the most frequently reported cause of zoonotic illness
globally, with poultry being the main source of infection. Reducing the colonization level of
Campylobacter spp. in broilers entering the processing unit could make an effective contribution
at reducing the incidence of zoonotic transmission of this pathogen. It is essential to search for
new, natural, and sustainable strategies to reduce the incidence of this bacterium in the broiler
cecum. The aim of this study was to examine whether dietary supplementation of broilers with
3 different yeast mannan-rich fraction (MRF) supplements (supplements 1 to 3) reduced the
level of natural Campylobacter spp. colonization in the broiler cecum. Birds were allowed to
motrmlls s mme s o leiesdemith Campylobacier spp. from the environment. Weight gains and
1easured throughout production. All 3 MRF based supplements

Campylobacter spp., concentration in the broiler caecum as calculated by qPCR s over 33 d when compared with the control. Broiler pens were

ng the boot swab method and confirmed Campylobacter spp.

7.5 | »ost hatch, colonization levels were measured using serial dilution
olymerase chain reaction (qPCR) of cecal material. Enumeration
= m level in cecal content by qPCR showed that both supplement
© mtly reduced the levels of Campylobacter spp. colonization in
'E' 7.0 - In conclusion, under the conditions of this study, MRF based
=] iuced Campylobacter colonisation levels in the broiler cecum
5 nts in weight gain.
(=]
g 6.5 - [ J —_— enge, prebiotic, MOS, cecum
U__ 2017 1. Appl. Poult. Res. 00:1-8
o http://dx.doi.org/10.3382/japr/pfx002
3 ®
E 6.0 - - * OBLEM cattle, and pigs [2]. Source attribution studies
g —1 ) have identified contaminated poultry products
o -1 s the most im- 35 the largest reservoir of this pathogen and
o jorne gastroin-  the most likely source of human infection [3,
E 5.5 - * h_ the majority 4], Campylobacter spp. can colonize the poul-
IS [ J iz [ F’ampy— try gastrointestinal tract in large numbers, fre-
© ibuted in most  guently at levels higher than 10° to 10° colony
— @ prevalent in forming units (CFU)/g of cecal content [5]. Col-
g 5.0 —1 uch as poultry.  gnization is typically highest in the broiler ce-
-l cum and primarily present in the mucous layer
*h.com [6]. Typically, Campylobacter colonization can

Individual standard deviations were used to calculate the intervals.

* Significantly reduced compared to the control, p<0.001




Enviro-Egg Pack Case Atitech

o dn B J &

FARMER ™8) FEEDMILL W) REARING =) vVET PACKER W)

AND
LAYING

RETAILER AND

7 3 O/ CONSUMER
o /W |
of consumers* AN
think it is important for GREEN |
them to buy food that DEAL "a\ eMissio, Farm
- ) 5 to Fork
has a low environmental

p Sustainable Proiggsd ing &
food consumption Distribution

*Source: Food Standards Agency (FSA) with Ipsos MORI survey data 2021
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